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Endocytosis entails the preferential recruitment of select molecules into a patch of plasma membrane that will bud into the cytoplasm. At the bud site, an assembling clathrin coat links the mechanical process of invagination to cargo selection. The core endocytic components, clathrin trimers and the AP-2 heterotetramer, as well as lipids (1) and multiple protein cofactors, collectively termed endocytic accessory proteins (2) , participate in bud nucleation, lattice assembly and invagination, and in the final scission event (1) (2) (3) . The precise role of many of the accessory proteins remains poorly understood however. One common feature of several of the accessory proteins is the capacity to bind to both AP-2 and clathrin (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Associations with the AP-2 adaptor complex generally involve the independently folded appendage domains of the large α (α A or α C isoform) and β2 subunits, each separated from the heterotetrameric adaptor core by a flexible hinge. Despite only ~10% sequence identity, the fold of the β2 appendage (14) is structurally analogous to that of the α appendage (15, 16) , and, indeed, the α C and β2 appendages interact with an overlapping group of partner proteins (14).
The privileged association of accessory factors with the core endocytic machinery is due to discrete interaction sequences located within each accessory protein. In 5 polyphosphatase synaptojanin, SJ170, an alternate binding motif is based upon the di-aromatic consensus sequence FXDXF (where X is any amino acid) 1 .
Several (6, 17, 18) , the socalled clathrin box (19) . Variations on this type I consensus are found adjacent to the AP-2 binding sequences in amphiphysin (6, 12) , epsin (7, 9, 10) , AP180 (13, 20) and β-arrestin (21) . The extended type I clathrin-binding sequence interacts with an elongated shallow cleft in the globular amino-terminal domain of the clathrin heavy chain (19) . Here, we identify an additional protein, huntingtin-interacting protein 1 (HIP1), which displays canonical AP-2-and clathrin-binding motifs as well as overall domain organization and functional properties akin to epsin, AP180 and amphiphysin. Our data strongly implicate HIP1 in clathrin-mediated endocytosis.
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EXPERIMENTAL PROCEDURES
Construct preparation-Glutathione S-transferase (GST)-HIP1M1 (residues 311-394) and M2 (residues 311-369) were prepared using appropriate PCR primers and human EST xd79f07.x1 (Research Genetics) as the template. The inserts were ligated, after digestion, into EcoRI/XhoI-cleaved pGEX-4T-1. A similar PCR-based strategy was used to insert the human HIP1M1 segment into pcDNA3.1 with an amino-terminal myc-epitope tag. The GST-mHIP1 (1-533) fusion construct was prepared to contain in-frame insertion of nucleotide 1-1599 of mouse HIP1. GST-SJ170C2 (residues 1454-1530) and GST-epsin 1 (1-407) were prepared similarly using human EST nf51b08.s1 (Incyte Genomics) and rat epsin 1 cDNA, kindly provided by Pietro De Camilli, respectively. Mutations were generated using appropriate mutagenic primers with the QuikChange kit (Stratagene) as described elsewhere (10, 16) . All constructs and mutations were confirmed by automated dideoxynucleotide sequencing.
Cytosol and Protein purification-Cytosol was prepared from frozen rat brains exactly as described previously (22) . The rat brain detergent extract was prepared as described elsewhere (12) and filtered into assay buffer (25 mM Hepes-KOH, pH 7.2, 125 mM potassium acetate, 5 mM magnesium acetate, 2 mM EDTA, 2 mM EGTA, 1 mM DTT) containing 0.5% Triton X-100 before use. GST-fusion proteins were produced in E. coli using a standard IPTG induction protocol 7 HIP1M2 (residues 311-369) and epsin DPW (residues 249-407) were cleaved from GST with thrombin, followed by addition of the irreversible thrombin inhibitor PPACK (Calbiochem) to a final concentration of 25 µM. For the GSTmHIP1 (1-533), the purified recombinant protein was first dialyzed to remove GSH and then treated with thrombin to cleave off the HIP1 segment. Liberated GST was removed by adding a second aliquot of GSH-Sepharose and collecting the unbound fraction as mHIP1 (1-533). Clathrin and AP-2 were purified from rat brain clathrin-coated vesicles by Tris extraction followed by sequential chromatography over Superose 6 and hydroxylapatite (23) . Pooled clathrin-or AP-2-containing fractions were gel-filtered into assay buffer and centrifuged at 134,000 Xg max before use in binding assays.
Binding assays-For pull-down-type assays, GST or GST-fusion proteins were first immobilized on GSH Sepharose, washed in assay buffer and then mixed with clarified rat brain cytosol/detergent extract to give a final concentration of 7.5 mg/ml in 300 µl total volume (10, 24) . After incubation at 4°C for 60 min, the beads were separated by centrifugation and aliquots corresponding to 1/80 of each supernatant and 1/8 of each washed pellet were analyzed by SDS-PAGE and immunoblotting exactly as described (10, 16, 24) .
The two-stage liposome binding assays used synthetic liposomes composed of 10% (w/w) cholesterol, 30% (w/w) phosphatidylethanolamine, 30% (w/w) phosphatidylcholine and 30% (w/w) phosphoinositides (Sigma) prepared as described elsewhere (25) hours, incubated in serum-free DMEM for 60 min. Biotinylated human transferrin (25 µg/ml) was then added and incubation continued for 15 min at 37°C. Cells were fixed with 3.7% formaldehyde and processed for immunofluorescence microscopy as described (10) .
Antibodies-Polyclonal antibodies directed against HIP1 were generated by immunizing rabbits with the GST-HIP1M1 fusion protein. Anti-HIP1 antibodies were affinity purified on thrombin-cleaved HIP1M1 coupled to CNBr-activated Sepharose 4B using standard procedures. The sources of the antibodies against clathrin, the AP-2 subunits, epsin, amphiphysin, AP180 and eps15 have been described (10, 16, 24) . Anti-myc mAb 9E10 was from BAbCo and the antisynaptotagmin I mAb was purchased from Transduction Laboratories.
RESULTS
Searching the databases for additional proteins that contain the AP-2 binding FXDXF motif we identified HIP1. This protein was initially discovered in screens for binding partners of huntingtin (26, 27) 12 DPF and FXDXF sequences both bind directly to the α C appendage 1 . To gain some insight into the relative contribution of these two sequences within HIP1 to AP-2 binding, the DPF triplet was altered to KPS using site-directed mutagenesis. This substitution severely compromises the ability of the GST-HIP1M2 fusion to associate with soluble AP-2 (Fig. 3A , lane i and j) but clearly does not abolish adaptor binding totally. We conclude from these experiments that HIP1 binds to AP-2 directly by engaging the common binding surface on the platform subdomain of the α C appendage and that the distal DPF sequence appears to be the dominant ligand. We attribute the remaining adaptor binding 
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Closer inspection of the HIP1 sequence reveals a putative clathrin box proximal to the AP-2-binding elements (Fig. 1B) . 
